The growing interest in measuring density of liquids has led to the need to develop new types of densitometers that can be used in several applications. The purpose of this work is to propose a simple densitometer based on measuring the frequency of created standing wave with a tube filled by a liquid under test. The developed approach is utilized to obtain a relationship between the density of some liquids and the frequency. The data acquisition and signal processing are carried out by LabVIEW software. It was shown that is a clear relationship between the frequency of standing wave created within a resonance tube in form of U-shape and the density of tested sample. This result can assist in production of cost-effective and portable densitometers.
INTRODUCTION
The safety of human being in modern industrial areas depends on the quality control of objects functioning in most industries such as: vehicles, machinery, transport and other means which characterized by using various types of fluids such as fuel, lubricants, various oils, solvents, etc. The quality control of these fluids is defined and featured utilizing several measurement and instrumentation means which practically investigate several physical and chemical parameters related with these fluids [1] . Since the reliable operation of machines and mechanisms practically depends on status of these fluids, in industrial applications, the status of the fluid is gauged by comparing its current physical, chemical, and other parameters with their preset values [2] . Although, the existed measurement and instrumentation techniques are capable to be used to measure several fluid parameters by the help of various types of transducers, the metrological requirements applied in process control significantly reduces many kinds of these transducers due to the environmental condition where the measurements are applied such as: high temperature, aggression and/or toxicity of the test objects [3] .
In particular, the operation of nuclear power plants (controlling the liquid wastes), in military and civil aviation and road transport (quality control of fuels and lubricants), food industry (milk production, syrups and other liquids) a widely range of methods and means are used to measure viscosity and density of liquids or liquefied media. These include various types of viscometers (capillary, rotational and vibrational) densitometer (float, mass, hydrostatic and vibration, radiation and ultrasonic) [4] [5] .
The density measurement is carried out for identification of liquids and quality control, as well as for performing the management of the quantities of raw materials, fuels, reagents and finished products.
In practical application several types of densitometer are used such as: floating, mass and hydrostatic densitometers. Although, these densitometers are easy to operate, but almost impossible to automate [6] . One of the most popular densitometers used in practice is radioisotope densitometer [7] . The operation principle of this densitometer is based on the determination of the attenuation of the radiation beam as a function of its absorption or scattering by a layer of liquid that is related to the density of the tested medium. Their advantage is the lack of contact with the liquid being investigated, and the disadvantage is the need to protect the personnel [8] .
As long experience shows, in many industries the use of ultrasonic transducers as a measuring device for quality control of liquids and other products is quite effective [9] [10] . Currently, the measurement of speed of sound is widely used to measure the properties of liquid [11] .
These methods included the use of complicated, costly or dangerous materials or equipment. The purpose of this paper is to overcome these challenges to introduce a simple yet effective method of density measurement. This paper establishes a prototype to measure liquid characteristics based on the operation principle of ultrasonic method of measuring the functional dependence of the parameters of ultrasonic waves propagating in a liquid (velocity of propagation, attenuation coefficient, longitudinal and shear acoustic impedances) on the properties of the investigated liquid.
The remainder of this paper is organized as follows: Literature review section introduces recent work in the field of study, Theoretical background section describes the scientific fundamentals of the proposed method, Methodology section summaries the procedure followed in this work, Experimental setup section explain the prototype manufactured and measurement method, Software design and implementation section details signal acquiring and processing and Experimental results and data analyses section discusses different measurements achieved for different cases that validates the methodology followed in this paper.
LITERATURE REVIEW
Density of a substance is called a physical quantity that determines the mass contained in unit volume [12] . Therefore, it is calculated as the ratio of the mass of a substance to the volume it occupies. Measuring devices used to measure density are called density meters or densitometers. In general, there are two approaches utilized to measure density of liquids. The first one is widely used in industry, laboratories and it based on measurement of the mass of liquid with known volume. In this case the mass (with a known volume) of liquid is determined directly using standard calibrated weighting device or indirectly by measuring other physical quantities have a known functional relationship with the mass of the liquid. According to the operation principle, these densitometers are classified into float, mass, hydrostatic and vibration densitometers.
The operation principle of float or aerometric densitometers based on Archimedes principle which states that the weight of liquid displaced by a floating hydrometer equal to its mass. In mass densitometer (pycnometer) the density is determined by measuring the ratio between the mass of liquid and to its volume [13] .
Hydrostatic densitometers are capable to measure density by measuring the pressure of the liquid column of constant height. The density has a linear relationship with the measured hydrostatic pressure [14] [15] . The operation principle of vibrating densitometers is based on measuring the resonance frequency (excited by a vibration source -transmitter) which is a function of the density of the tested liquid [16] . Since the oscillation frequency can be measured with high accuracy, the error in measurement is sufficiently small, not exceeding a few hundredths of a percent. The sensing element typically is a polished inside a metal tube in a U-shape. U-Shape tube is a special device pressed against the tube from outside and causing oscillatory motion at the resonant frequency. While the tube is not filled by a liquid, the measured resonance frequency is 0 [17] . When the tube is then placed directly in the stream of the analyzed fluid, causing its oscillation  frequency is changed.
In the second approach, awareness about the volume value of the liquid is not necessary while one or a number of physical parameters characterized the liquid (functionally directly related to density) are measured. For example, density meters that use radioactive and ultrasonic are used to measure the density of liquid by measuring liquid one or more liquid properties. According to the operation principle, these densitometers use radioactive and ultrasonic radiations to measure density [18] .
The operation principle of radioisotope densitometers is based on detection of attenuation of the radiation beam as a result of absorption or scattering by the liquid layer [19] . The attenuation of radiation is associated functionally with the density of the medium. The most common densitometers use γ-radiation. In such a device the radiation from a source (60Co, Cs) passes through the liquid layer in the vessel and reach the receiver. The receiver signal which is a function of the measured density is amplified and converted into electrical signal [20] .
In ultrasonic or even sound technique used to measure the density of the liquid, all measured parameters of longitudinal ultrasonic/ sound waves are characterized by their distribution, which depends on the density of measured: the wave resistance of the liquid, the speed or velocity of sound in the media and absorption coefficient [21] . Acoustic detector for measuring density of vapors of a liquid is also presented in work [22] . The proposed technique is based gas chromatography analyses and measuring the speed of sound in a resonance tube which is a part of a chromatograph. The measurement of the resonance frequency is a function of the density of a liquid. Experience have shown that acoustic methods are widely used as primary technique for monitoring the quality of liquids prove to be quite effective in numerous industries.
Industrial application where acoustic measurement is used to determine the characteristics of liquid media base on the functional dependence of the parameters of acoustic waves propagating in liquids (propagation velocity, attenuation coefficient, longitudinal and shear acoustic impedances, frequency) and fluid properties. Therefore, the process of developing new methods and techniques for measuring density of liquid media using acoustic waves is still continuous process. In spite of the benefits presented use acoustic methods and techniques for density measurement in many literatures, they are restricted in its complexities [23] [24] [25] . The methods and techniques require the use special data logging, signal conditioning and other measurement chains. In this work, a simple acoustic method for measuring the density of liquid is presented. The method based on measuring the frequency of transmitted acoustic signal within a U-shape tube filled by the liquid sample. In work, it was shown waves can be transmitted within a tube filled by a liquid or gas under the following three conditions [15, 22] :
-When a free mode of resonance is applied in measurement -When a forced mode of resonance is applied in measurement and an acoustic flow is not presented -When an acoustic standing wave is created, and an acoustic flow is presented.
THEORETICAL BACKGROUND
The U-shapes tube is widely used in measurement [26] . One of the most popular measurement where the U-shape is used is pressure measurement. It is the liquid manometer consisting of communicating vessels in which the measured pressure is determined by one or several levels of liquid. In U-shaped glass manometers the free end of a tube is reported with the atmosphere, and the measured pressure is brought to another end. The simplest U-Shape tube used for pressure measurement is shown in Figure 1 The difference between the two columns of liquid is an indication of the pressure differential. The principle of measurement is based by comparing the pressure p being measured with the height h of a liquid column using the law Δ p = Δ h • ρm • g (1) The literature review also shows that the U-shape tube is used to measure density. This device is known as vibrating Utube or Oscillating U-tube [27] . The operation principle of the oscillating U shape densitometer is based on the law of harmonic oscillation. The electromagnetic force is subjected to a sample to be analyzed. The density is determined by measuring the frequency and duration of vibration of the tube filled with the sample. We will find the mass of liquid as m = 2ρSh, then a = −gΔh/h (4) Considering that a = −ω 2 Δh and comparing with (4) we obtain that a = −ω 2 Δh = −gΔh/h (5) Or on can write the Eq. (5) as follow
To find ω, we can write
So, the period of oscillations, the is written as
Eq. (8) is utilized to measure the period of oscillations of the tube filled by a liquid.
In work [23] , the U-shape tube is used to measure the temperature within an oven. The principle of operation of the proposed temperature transducer is follow. A standing wave is created within a tube filled by an air. The frequency of the created standing wave is given by:
The speed C of sound is given by
This demonstrates the relationship between the temperature change and the variation of measured frequency. The literature reviews show that the U-shape tube is utilized to measure some physical quantities such as: pressure, concentration and temperature [22] [23] [24] [25] .
In this work, a density measurement is measured using Ushape tub, the U shape tube with small diameter (the length of the tube is greater that the length of the tube) is simply filled by a liquid (sample under test) and a standing wave in free resonance mode is created within the tube. The frequency of the created standing wave is measure and the density of the liquid is determined.
METHODOLOGY
The proposed approach is based on creating a standing wave within a tube in free resonance mode. The work [15] shows that a free mode of standing wave generation is used to measure the concentration of salts, the speed of sound is measured and a relationship between the concentration of the salt in the sample and the speed of sound is obtained. The same approach will be utilized to measure the density of the sample under test will be utilized. The second approach is based on measuring the amplitude of the standing wave traveled within a tube filled by the liquid under test.
The signal processing and data acquisition will be developed using LabView software. LabView software allow to acquire data from microphone and generate sound within a tube at the same time without additional signal conditioning circuit. The Measurement Tone VI is used to measure both frequency and amplitude of the traveled wave via sample under test. Then, measurement of frequency and amplitude will be recorded for both approaches. The general algorithm of data acquisition and processing is shown in Figure 3 . 
EXPERIMENTAL SETUP
The experimental setup consists of U-shape tube has the same shape of the tube used in work [23] , but tubes of variable diameters and variable volume of samples are used to test the effect of diameter on the result of measurement. The acoustic receiver and transmitter are mounted at the open ends of the tube. The experimental setup of proposed technique is shown in Figure 4 .
The operation principle of the proposed technique is following. When a free resonance mode is applied within a tube filled by a sample under test, a standing wave is created by the help of the speaker which is mounted in the right side of the U-shape tube and the microphone which is mounted in the left side of the U-shape tube. The acoustic signal is transmitted from the speaker to the microphone via the media contained by the U-shape tube, i.e. the air and the sample under test. The length of created standing wave consists of three lengths: l1, l2 and ̅ is the total traveling length of standing wave within a tube.
The relationship between the speed of sound and the frequency is given by a formula:
where: ̅ is the average speed of sound within a tube. ̅ = 1 + 2 + 1 , 2 are the speed of sound in the tube covering the lengths l1 and l2 correspondingly.
is the speed of sound in the sample under test which is given by the following formula
Assuming that acoustic flow is not produced [22] , and that l1=l20 and is the total frequency generated within a tube can estimated as:
Substituting Eq. (2) in in Eq. (3), we can obtain the formula for calculating the average frequency 
where = 4 2 is a constant value.
SOFTWARE DESIGN AND IMPLEMENTATION
LabVIEW greatly simplifies the development of measurement systems and operational analysis, as it is an application-oriented environment, and also has an impressive array of data acquisition and signal processing functions which are call VIs (Virtual Instrument) [28] . In this work, the generated frequency is measured used LabView software. The developed block diagram which is used for frequency measurement is shown in figure 5 . the obtained data showed that the length of the tube has a significant impact on the measurement and it was obtained that the closer values of density can be determined when the length is about 500 mm. But the analyses of the obtained data show that a correction factor can be added to the any selected length, so that Eq. (3) becomes:
The measured density using the proposed approach when the length of tube is about 500 mm and the diameter is 2 mm are shown in Table 1 . The table shows the measured of density when the ambient temperature is 25 o C. 
CONCLUSION
In this paper, a simple densitometer based on measuring the frequency of created standing wave in a U-shape glass tube filled by a sample under test is presented. Experimental results show that it the s measured density for selected liquids (water, benzene, kerosene, methanol and acetone) are measured. Experimentally, it was shown that there is a relationship between the frequency of created standing wave with a tube and the density of sample under test. Future work may include studying the density relation with other features of the acoustic wave under different operation conditions. This also may require providing simulation model of the setup proposed.
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